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Electroluminescent display and electronic device comprising such a display 



The invention relates to an electroliraiinescent display comprising at least a 
first display pixel and a second display pixel formed on a substrate, said first and second 
display pixels comprising at least: 

- a first electrode deposited on or across said substrate, 
5 - an electrolununescent layer, and 

- a second reflective electrode, 

wherein said first display pixel and said second display pixel are separated by a region 
comprising at least one insulating structure. Moreover, the invention relates to an electronic 
device comprising such an electroluminescent display. 

10 



United States Patent 5,989,785 discloses an electroluminescent device 
comprising display pixels formed on a substrate comprising luminescent regions sandwiched 
between two electrodes. The light output of a limunescent region can be influenced by the 

15 light output of another luminescent region, i.e. crosstalk of ligjit. The crosstalk of Ught 

between the limiinescent regions is minimised by isolating the luminescent regions by means 
of a dielectric fihn. The refractive index of the film is chosen to be totally reflecting the light 
incident firom a limadnescent region back into the same luminescent region. 

However, in many instances crosstalk of light between the display pixels in 

20 prior-art electroluminescent displays is still manifest. Crosstalk of light can eventually result 
in the presence of ghost images on the electroluminescent display, i.e. individual display 
pixels seem to be 'on' while they are not activated by the display control means. Moreover, 
attempts to minimise crosstalk by adapting the structure of the display pixels has resulted in 
many additional manufacturing steps. 

25 



It is an object of the invention to provide an electroluminescent display that 
substantially reduces crosstalk of Ught between the display pixels due to Ught emanating 
firom adjacent pixels and/or ambient Ught firom outside the display. 
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This object is achieved by providing an electroluminescent display, which is 
characterized in that said insulating structure is adapted to siqjpress the output of light at said 
second display pixel reflected at said second reflective electrode, which light is incident from 
at least said first display pixel and/or said substrate. 
5 This iosulating structure suppresses, reduces or even eliminates the crosstalk 

of light between display pixels as a result of reflection at the second reflective electrode and 
thereby reduces llie possibility of ghost images on the electroliuninescent display. 

In a preferred embodiment of the invention, the insulating structure comprises 
at least one edge near or along said second display pixel. Such an edge can e.g. be created by 

10 accommodation of the display pixels in holes formed in an insulating layer. This embodiment 
has the advantage that creation of such an insulating structure does not lead to an additional 
step in the manufacturing process of the electroluminescent display. The insulating structure 
may exhibit slanting side walls towards at least one of the display pixels having an angle $ 
towards a display pixel. In choosing the angle of the slanted side wall with the substrate 

1 5 carefully, the crosstalk of light between the display pixels via the second electrode can be 
effectively suppressed, depending on the desired viewing angle. la a preferred embodiment, 
the angle * is larger than 40°, because in that case the crosstalk of light is effectively 
suppressed for every viewing angle. 

In. a preferred embodiment of the invention, the insulating structure is made at 

20 least partly of a material having a high refractive index. The insulating structure is preferably 
made of TiOa or SnOa. Replacing a conventional dielectric layer by such a dielectric 
insulating layer with a higher refractive index does not lead to an additional manufacturing 
step for such an elecfroluminescent device, while crosstalk of light between the display pixels 
is suppressed. 

25 In a preferred embodiment of the invention, the slanting side wall of the 

insulating structure comprises a roughened surface or a curved surfece. Such a structure can 
be easily obtained and provides an effective way of reducing crosstalk of light between the 
display pixels of the electrolmninescent display. 

Except for ad^ting the angle, material or surfece of the side wall of the 

30 insulatmg structure, light-absorbing means can also be used to prevent crosstalk of light 
between the display pixels. Id a preferred embodiment of the invention, the insulating 
structure comprises light-absorbing particles. Moreover, an absorbing grid, e.g. a black 
matrix, can be deposited underneath the slanting side wall of the insulating layer. Also the 
second electrode can be partially removed and replaced by a light-absorbing material. The 
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embodiments comprising light-absorbing materials are simple with regard to manufacturing 
and provide effective suppression of the crosstalk of light between the display pixels of the 
electroluminescent display. 

US 6,901,195 discloses an electroluminescent display comprising reflectors 
for reducing crosstalk of light between the various devices of the electroluminescent display. 
Manufacturing of such an electrolunMnescent display is complicated and requires additional 
process steps and components as compared to the electroluminescent display according to the 
invention. 

It will be appreciated that the previous embodiments or aspects of the previous 
embodiments of the invention can be combined. 

The embodiments of the invention will be described in more detail below with 
reference to the attached drawing, in which 

Fig. 1 is a cross-section of a conventional active matrix electroluminescent 

display. 

Figs. 2A - 2G show various embodiments of the invention. 

Fig. 3 shows an example of the embodiment of the invention illustrated in Fig. 

2A. 

Figs. 4A and 4B show the results of calculations performed for the 
embodiment of the invention illustrated in Fig. 2A. 

Fig. 1 is a part of a cross-section of a conventional active matrix limiinescent 
display (not to scale). The active matrix display comprises a substrate 1 carrying first 
electrodes 2, an insulation layer 3, an organic luminescent layer 4 and a second electrode 5. 
In this configuration, the electroluminescent display exhibits various display pixels 6, 7 
arranged in rows and columns. The electroluminescent display and/or the display pixels may 
comprise several additional layers, metallic layers (e.g. for providing capacitors), fiarther 
msulating layers (e.g. for defining cross-overs) and semiconducting layers (e.g. for providing 
thin-fihn transistors). 

The substrate 1 is preferably made of a transparent material such as glass or 
plastic. The thickness of the substate is e.g. 700jim. The transparent substrate 1 is covered by 
the first electrodes 2, at least at the sites where the display pixels 6, 7 are to be 
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accommodated. The first electrodes 2 are formed on the substrate by a deposition process, 
such as sputtering. These first electrodes 2 are preferably transparent with respect to the light 
to be generated in the luminescait layer 4. Typically, these first electrodes 2 are made &om 
Indium-Tin-Oxide (TTO), but dijBTerent conductive and transparent materials, such as 
5 conductive polymers 0>olyaniline (PANl^ or a poly-3,4-ethylenedioxythiophene (PEDOT)) 
can also be ^plied. During the manufacturing of the electroluminescent display, a 
(dielectric) insulating layer 3 is deposited on top of the first electrodes 2 and subsequently 
removed on the sites where the display pixels 6 and 7 are to be formed. In this example, the 
dielectric insulating layer 3 was made of SiN and has a thickness of CS^im. In fact, the 

10 insulating layer 3 separates the display pixels 6 and 7 by the formation of holes in the 

insulating layer exhibiting slanting side walls 8, 9 towards these display pixels. The width of 
the display pixels 6, 7 is e.g. 50nm and the display pixels are separated by a region over a 
distance of SOjim of which the slanting side walls 8, 9 take Span each. It is noted that the 
insulating layer 3 may extaid aaoss the edges of the first electrodes 2 next to the slanting 

15 side wall 8, provided that electrical contact with the first electrode 2 can be established. In 
this case, the width of the msulating layer or structure 3 is thus larger than the width of the 
region separation of the display pixels 6 and 7. The first electrodes 2 or insulating layer 3 are 
covered by the electroluminescent layer 4 or a layer comprismg an electrolummescent 
material, such as certain organic materials like poly-p-phenylenes (PPV) or derivatives 

10 thereof. The electroluminescent layer 4 can be deposited by using vacuum deposition, 
chemical vapour deposition or fluid-using techniques such as spin-coating, dip-coating or 
ink-jet printing. The electroluminescent layer 4 is covered by the second electrode 5, at least 
at the sites where the display pixels 6, 7 are to be formed. The second electi-ode is a metal and 
is highly reflective. 

'•5 It is noted that while Fig. 1 is a cross-section of an active matrix monochrome 

electroluminescent display, tiie invention and its advantages apply equally well to passive 
matrix elecbroluminescent displays, segmented displays and colovir displays, hi passive 
matrix displays, the display pixels are usually separated by photoresist layers or structures. In 
the text below, embodunents of the invention will be described m detail with respect to a 

0 monochrome active matrix display as illustrated in Fig. 1, 

In operating the electroluminescent display shown in Fig. 1, voltages can be 
applied to the various display pixels 6, 7 by display control means (not shown). If no voltage 
is ^plied to the electirodes 2, 5, no hgfit is genorated in the luminescent layer 4 and the pixel 
is 'off* as holds for pixel 7 in Fig. 1 . If a voltage is applied to the luminescent layer 4, as 
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holds for pixel 6, light is generated in this layer 4, i.e. the pixel is 'on'. This light leaves the 
display pixel 6 through the transparent first electrode 2 and the transparent substrate 1 into 
the air, resulting in a direct image of the display pixel 6, indicated by the ray 10. 

The light genorated at the display pixel 6 is emitted Lambertianally, i.e. the 
light emission is distributed equally in each direction. Therefore, some ligiht also travCTses the 
substrate 1 as indicated by the rays 1 1 . These rays 1 1 will be reflected internally (TIR) at the 
substrate-air interfece and subsequently pass (i.e. CTOsstalk) to an adjacent display pixel 7. As 
illustrated in Fig. 1, the rays 1 1 ' are reflected at the second reflective electrode 5 that acts as a 
mirror to these rays 11'. The reflected rays 1 1 then leave the display pixel 7 as rays 11" 
because of the inclination of the second reflective electrode 5, resulting in an image of the 
display pixel 7. The inclination of the second electrode 5 is due to the slanting side walls 8, 9 
of the holes in the insulating layer 3 for accommodating the display pixels 6, 7. Thus, while 
display pixel 7 is 'ofF, an image of this pixel is present due to crosstalk of light initiated at a 
pixel that is 'on' and reflected within the electroluminescent display. This image will 
hereinafter be referred to as a gjiost image. Such a ghost image may also result from light that 
originates firom outside the electroluminescent display, i.e. ambient light, and is reflected by 
the second electrode 5. Crosstalk of light between the display pixels 6, 7 creates a reduced 
contrast that is dependent on the viewing angle and may result in discolouration in colour 
displays due to mixing of light &om the various colour (RGB) display pixels. 

Fig. 2 shows various embodiments of the invention wherein the 
electroluminescent display comprises an insulatmg structure that is adapted to suppress the 
crosstalk of light between display pixels 6, 7 due to reflection of light at the second electrode 
5. It will be appreciated that the display pixels are not necessarily adjacent to each other as is 
shown in Fig. 1 . The light 1 1 ' may originate as well or solely from a display pixel or display 
pixels that are further away, i.e. not adjacent to the second display pixel 7. 

Fig. 2A shows a preferred embodiment wherein the slanting side wall 8 of the 
insulating layer 3 is properly shaped with respect to the angle $ made by the slanting side 
wall 8 witii respect to the surface of the substrate 1. It has been found tiiat in practical 
situations as described below, an angle # of more than 40" substantially eliminates or reduces 
undesired reflection from the second electrode 5 of flie Kght rays 1 1 % resulting in a ghost 
image from the display pixel 7 for all viewing angles. This embodiment will be discussed in 
more detail below. 

Fig. 2B shows a preferred embodiment of the invention wherein the insulating 
layer 3 has a sufficientiy high refractive index. For example, Ti02 (n=2,5) or SnOa (n=2) may 
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be used for this dielectric layer. The high refractive index results in an increased refraction at 
the interface of the substrate 1 and the insulating layer 3, thereby effectively suppressing 
crosstalk of light between the display pixels 6, 7. 

Fig. 2C shows a preferred embodiment of the invention wherein the surface 12 
5 of the slanting side wall 8 of the insulating layer 3 has been roughened. Such a rou^ening 
can be easily obtained by reactive ion etching CRIB). Alternatively, a rough surface 12 can be 
obtained by depositing various thin insulating layers with decreasing width paraUel to the 
substrate 1 so as to obtain a step-like insulating layer 3. Hie advantage over RIE of such an 
approach is the avoidance of pin-holes in the insulating layer 3. The effect of the rough 
10 surface 12 of the slanting side wall 8 is that TIR-light 1 1 ' from the substrate-air interface is 
diffused instead of reflected by the second electrode 5, resulting in a substantial decrease of 
the amount of light 11" for the ghost image of the display pixel 7. 

Fig. 2D shows a preferred embodiment of the invention wherein the surfece 13 
of the side wall of the insulating layer 3 is properly curved, convex, so as to prevent crosstalk 
15 of light to the display pixel 7. The curvature of the side wall 13 can be obtained by isotropic 
etching of the insulating layer 3. 

In Figs. 2A to 2D, the insulating structure is implemented by making 
adjustments for the shape or material of (parts of) the insulating layer 3. These adjustments 
can be very easily implemented in the manufacturing process of the electroluminescent 
20 displays, because no or only few additional process steps are required. These insulating 

structures provide an effective way of suppressing the appearance of ghost images of display 
pixels 7 due to light from other display pixels 6 or ambient light. The contrast of the display 
pixels 6, 7 is optimal and discolouration in colour displays is eliminated. 

A second approach to an effective elimination of crosstalk between the various 
25 display pixels 6, 7 or ambient light effects relates to the application of Ught-absorbing 
materials. Various embodiments of this approach are shown in Figs. 2E-2G. 

Fig. 2E shows a preferred embodiment of the invention wherein the insulating 
layer 3 comprises Ught-absorbing particles such as caibon particles. The light-absoibing 
particles provide effective crosstalk prevention means in that the TIR-rays 1 1 ' are absorbed 
iO by the particles prior to or after reflection at the second electrode 5, as a result of which 
substantially no light 1 1" leaves the insulating layer 3. 

Fig. 2F shows a preferred embodiment of the invention wherein an absorbing 
grid 14, i.e. a black matrix, has been applied underneath the slanting side wall 8 of the 
insulating layer 3. TIR-rays 1 1 * are prevented by the black matrix 14 from entering or leaving 



wo 2004/009729 PCT/IB2003/003014 

7 

the insulating layer 3 as rays 1 1" so that crosstalk betweai the display pixels 6, 7 is 
siq>pressed or optimally eliminated. 

Finally, Fig. 2G shows a preferred embodiment of the invention wherein the 
second reflective electrode 5 has been partially removed above the slanting side wall of the 
5 insulating layer 3. It will be ^preciated that application of voltages to the display pixels 6, 7 
should still be possible. Preferably, the bare parts of the insulating layer are covered by an 
absorbing material 15. In this embodiment, tiie effect of the second electrode 5 acting as a 
mirror is sigruficantly reduced, as a result of which crosstalk between the display pixels 6, 7 
is reduced. 

10 Fig- 3 shows three cases A-C, referring to Fig.2 A, wherein the angle of the 

slanting side wall 8 of the insulation layer 3 is varied. 62 is the angle of refraction of the TIR- 
rays 1 1' at the interface of the substrate 1 and the insulating layer 3; the angle ^5 refers to the 
viewing angle with respect to the normal of the substrate 1 . In A, the case 0<*< 62/2 is 
shown and ^5 >0; in B, ^3/2 < * < ^2 and < 0 and in C, # > B2 whHe no light output is 

15 present. 

Since ^i"" < 5, < 90** and ^4"'" < ^4 < 90" must hold for total internal reflection 
at the substrate-air interface, application of Snell's law results in the expression * > = 
(02^ + ^2*™" )/2 for the minimum angle # of the slanting side wall 8 of the insulating layer 3 
so as to prevent crosstalk of light between the various display pixels 6, 7. 62^ and 62^ are 

20 the maximum and minimum angles of refraction at the interface of the substrate 1 and the 
insulating layer 3 relating to the maximum and minimum angle of incidence, respectively, 
of the light 11. Taking n=l as the refractive index n for air, n=1.5 for the substrate 1 
composed of glass and SiOa and n=2 for the irisulating layer 3, this results in a minitnnm 
angle of approximately 39° for the slanting side wall 8. 

25 Further analysis of the embodiment of Fig,2A results in the griq)hs shown in 

Figs.4A and 4B. Fig.4A shows a range R of angles * for which a ghost image comes from 
the display at a particular viewing angle ^5. An angle * of more than 40** for the slanting wall 
of the insulating layer 3 is sufficient to avoid unwanted reflections at the second electrode so 
that no ghost image is generated at any of the viewing angles 6^. Fig.4B provides an 

30 alternative representation of this result, wherein the graphs (A), (B) and (C) correspond to the 
cases A-C shown in Fig.3. 

For the purpose of teaching the invention, preferred embodiments of flie 
display device and the electronic device comprising such a display device have been 
described above. It will be ^parent to the person skilled in the art that other alternative and 
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equivalent embodiments of the invention can be conceived and reduced to practice without 
departing from the true spirit of the invention, the scope of the invention being only limited 
by the claims. 



